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Sequence casting process for producing a high-purity 

cast metal strand 

The invention relates to a sequence casting process for 
5 the continuous production of a high-purity cast metal 
strand from a metal melt, preferably a steel melt, the 
metal melt being fed in controlled fashion from a melt 
vessel to a tundish and being discharged in controlled 
fashion from this tundish into a continuous-casting 
10 mold, and the supply of metal melt into the tundish 
being interrupted during the change of melt vessel, 
whereas the supply of the metal melt into the 
continuous casting mold is continued. 

15 A sequence casting process is to be understood as 
meaning a casting process in which a plurality of metal 
batches, which are supplied to the casting installation 
in a plurality of melt vessels, are continuously cast 
to form a single metal strand without interruption to 

20 the casting process. It is in this case necessary for 
the melt vessel, after it has been emptied, to be 
exchanged for a further, full melt vessel within the 
shortest possible time. There is inevitably an 
interruption to the inflow of melt into the tundish, 

25 and it is necessary for the residual quantity in the 
tundish to be such that a sufficient quantity of 
residual metal melt is held in the tundish to span the 
changeover time which is needed before metal melt can 
flow into the tundish again from the further melt 

3 0 vessel which has been moved into the casting position. 
To maintain the continuous casting process during the 
changeover time, it is customary for the casting rate 
of the casting installation to be reduced during the 
changeover time. The changeover time can be kept very 

3 5 short using a ladle turning tower. 

The continuous-casting installation itself can be 
equipped with a permanent mold of any desired design, 
such as for example one or more oscillating plate or 
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: tube molds, with caterpillar molds, with molds 
comprising rotating belts or molds which are formed by 
rotating casting rollers with insulating side walls. 
The cross-sectional format of the metal strand that is 
5 to be cast can also be set as desired, but especially 
when producing thin metal strips with thicknesses of 
less than 6 . 0 mm and widths of over 800 mm, 
particularly high demands are imposed on the starting 
phase or restart phase of the casting process after a 

10 ladle change, since in particular on account of the 
relatively small melt pool and the practically 
invariable metallurgical length until the kissing point 
in a two-roller casting installation, as well as the 
rapid full solidification of a thin metal strand, it is 

15 not possible to significantly reduce the casting rate. 
Furthermore, it is necessary to take into account the 
fact that during resumption of the supply of melt into 
the tundish, increased bath movement occurs in the 
residual metal melt, which is already covered with 

2 0 covering agent, and on account of the increased 
formation of waves at the bath surface, increased 

> 

amounts of covering agent are introduced into the metal 
bath. Furthermore, when the ladle slide is opened, 
filling sand is introduced into the tundish, which 
2 5 requires a certain time and a calmer metal bath before 
it can float to the surface of the bath. The invention 
relates in particular to the casting of a metal strip 
using a two-roller casting installation based on the 
vertical two-roller casting process. 

30 

During production of a high-purity cast metal strand 
using any desired continuous casting installation, the 
liquid metal is usually fed from a casting ladle via at 
least one tundish or transfer vessel to a cooled 
35 permanent mold, in which the metal melt solidification 
process to form a metal strand is at least initiated. 
The transfer of the metal melt from the casting ladle 
into the tundish and from the latter into the permanent 
mold predominantly takes place through immersion pipes 
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or shrouds, which, during steady-state casting 
operation are immersed in the melt pool of the vessel 
in each case arranged downstream and thereby allow flow 
and transfer of the metal melt into the permanent mold 
5 to be as calm and uniform as possible. The metal melt 
which has accumulated in the casting ladle, the tundish 
and, if appropriate in the permanent mold is usually 
covered by a layer of slag which protects the metal 
bath surface from oxidation. The basic arrangement of 

10 the melt-holding vessels in a multi-strand continuous 
casting installation for steel is known, for example, 
from US-A 5,887,647. The more intensive the metal bath 
movement in the individual melt vessels, the more slag 
particles are introduced into the metal bath from the 

15 slag layer covering the metal melt, and the more 
particles of the refractory material from the lining of 
the melt vessels are also fed to the metal bath as a 
result of erosion. At the same time, the separation of 
particles of foreign material out of the metal melt at 

20 the metal bath surface or into the slag layer is 
impeded by excessively intensive metal bath movement. 
In the case of large-format metal strands, such as 
strands with slab cross sections, time for separating 
off foreign substances at the bath surface also remains 

2 5 in the permanent mold. In the case of small- format 

strands, and in particular strips with a low thickness, 
the introduction of foreign particles into the 
permanent mold should be avoided as far as possible, 
since the extent to which foreign particles can be 

3 0 separated off tends to be much more restricted in the 

permanent mold. 

It is generally known that the quality of the cast 
strand is reduced if considerable fluctuations in bath 
3 5 level occur, as are inevitable during the starting 
phase of the casting process during initial filling of 
the tundish or as occur during a ladle change in 
sequence casting, wherein the metal melt which is held 
in the tundish is usually employed to span the ladle 
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changeover time, and therefore casting is carried out 
with a continuously decreasing bath level. The 
stability of the melt flow in the tundish is greatly 
impaired as a result, and the metal melt is subject to 
5 undesirable introduction of slag. 

Therefore, it is an object of the invention to avoid 
these drawbacks and difficulties of the known prior art 
and to propose a sequence casting process of the type 

10 described in the introduction, by which even during the 
melt vessel changeover, increased introduction of 
foreign particles into the metal melt is minimized, and 
therefore in the continuous-casting mold a similar or 
increased introduction of foreign particles into the 

15 solidification product is likewise minimized, and 
immediately on resumption of the quasi-steady casting 
phase a high-purity metal strand can be cast, and in 
which, furthermore, this phase spanning the melt vessel 
changeover time in the continuous casting process can 

2 0 be kept as short as possible, and in which at least any 
effects derived from non-steady-state casting phases, 
such as the melt vessel changeover, decay as quickly as 
possible. 

2 5 According to the invention, this object is achieved by 

virtue of the fact that during a period of time from 
the resumption of the supply of metal melt into the 
tundish until the point at which a quasi-steady 
operating bath level in the tundish is reached, the 

3 0 inflow rate into the tundish is greater than the 

outflow rate out of the tundish, and for 70% to 100%, 
preferably for 70% to 99%, in particular for 70% to 
95%, of this period the inflow rate into the tundish is 
less than or equal to double, preferably less than or 
3 5 . equal to 1.5 times, the outflow rate out of the 
tundish. 

The minimum inflow rate into the tundish during this 
period is to a very significant extent dependent on the 
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reduction in the casting rate on the continuous-casting 
installation during the melt vessel changeover. 
However, during this period the inflow rate into the 
tundish should correspond to at least 0.5 times the 
5 maximum inflow rate during steady-state casting 
operation . 

In the present context, the term "tundish" is not 
restricted just to the holding vessel for metal melt 
10 which allows metal melt to be transferred or passed 
into a permanent mold, i.e. is arranged immediately 
upstream of a permanent mold, but rather may also 
encompass all melt vessels between the casting ladle 
and the mold. 

15 

A further improvement to the quality of the cast strand 
from resumption of the casting process is achieved if 
the supply of metal melt within the last 5% to 30% of 
the period from the resumption of the supply of metal 
2 0 melt into the tundish until the point at which the 
quasi-steady operating bath level is reached takes 
place at an inflow rate which is reduced compared to 
the inflow rate during the preceding period of time. 

2 5 The resumption phase of the casting process is 

shortened and the most reliable opening of the melt 
vessel without an adverse effect on the quality of the 
cast product is achieved if the supply of metal melt 
takes place at a substantially maximum inflow rate 

3 0 immediately on resumption of the supply of melt into 

the tundish for 0.1% to 30%, preferably for 3% to 15%, 
of the period until the point at which the quasi-steady 
operating bath level in the tundish is reached, and 
thereafter the supply of metal melt takes place at a 
3 5 filling rate which is reduced compared to the initial 
filling rate, until the point at which the quasi-steady 
operating bath level is reached. 

The term "maximum filling rate" is to be understood as 
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meaning that the supply of the metal melt into the 
tundish takes place at the maximum opening of the ladle 
slide, i.e. at the maximum possible filling rate. This 
also prevents the ladle slide opening from freezing up 
5 during the initial casting phase or a significant 
narrowing of the through-flow opening and therefore an 
undesirable reduction in the quantitative flow. 

The reduced filling rate does not necessarily represent 
10 a constant value throughout the remaining filling time 
until the point at which the quasi-steady operating 
bath level is reached, but rather tends to follow a 
time curve which decreases continuously or in steps, 
with the result that the flow conditions in the tundish 
15 are already being continuously calmed during the 
filling time. 

To calm the metal melt in the tundish, it may be 
expedient if the supply of metal melt into the tundish 

2 0 is interrupted for a certain period of time when the 

quasi-steady operating bath level is reached. Closing 
the ladle slide after the point at which the quasi- 
steady operating bath level has been reached has the 
advantage that foreign inclusions which are present, in 
25 particular, nonmetallic inclusions, quickly float to 
the surface of the bath and can be separated out into 
the covering slag. The brief interruption to the supply 
of melt represents a good way of increasing the quality 
of the cast product if it is at the same time ensured 

3 0 that opening of the ladle slide is reliably guaranteed 

after this calming and separation phase. The period of 
time for which the supply of melt is interrupted lasts 
between 1 sec and 2 min, preferably between 10 sec and 
7 0 sec, since the bath level immediately begins to drop 
3 5 again as a result of the metal flowing out into the 
continuous-casting mold . 

To avoid reoxidation at the metal bath surface, it is 
usual for a covering agent to be applied to the melt 
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bath as soon as the first casting sequence begins. This 
covering agent is retained over all the casting 
sequences in the tundish. To ensure that the covering 
agent near the shroud which is immersed in the metal 
5 melt is not - even only partially - drawn into the 
metal melt along the outer wall of the shroud, it is 
expedient if a region of the free bath surface in the 
tundish which immediately surrounds the shroud is kept 
free of or shielded from coverage with a covering agent 

10 at least during quasi-steady-state operation, and 
preferably all the time. This is effected by shielding 
means which are formed by wall elements which are 
either immersed in the melt bath from above or project 
out of the melt bath from below and surround the shroud 

15 at a distance. This deliberately generates a hot spot 
around the shroud, and it is expedient if the wall 
elements form a closed chamber, in which the shroud is 
integrated and the atmosphere enclosed in the chamber 
is inerted. 

20 

It is important for the shielding means to be 
sufficiently far immersed in the melt bath for them 
still to be immersed in the tundish even at the minimum 
bath level during a ladle change just before resumption 
25 of the supply of melt. In this way, the slag-free zone 
around the shroud is maintained even during this 
operating phase, and the supply of metal melt with 
little turbulence in the metal bath below the bath 
surface is ensured. 

30 

If the supply of metal melt is briefly interrupted 
again after the point at which the quasi-steady 
operating bath level in the tundish has been reached, 
in order for the bath movement to be additionally 
3 5 calmed and to increase the separation rate of foreign 
particles, after the resumption of the supply of metal 
melt into the tundish, this supply of metal melt into 
the tundish is controlled quantitatively as a- function 
of the discharge of the metal melt from the tundish. In 
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- terms of time, the transfer of the metal melt from the 
tundish into the downstream permanent mold begins with 
the resumption of the supply of metal melt into the 
tundish. The control keeps the quasi-steady operating 
5 bath level or the corresponding tundish weight at a 
substantially constant level. 

If there is no interruption to the supply of melt into 
the tundish after the point at which the quasi-steady 

10 operating bath level is reached, the supply of metal 
melt into the tundish is controlled quantitatively as a 
function of the discharge of the metal melt from the 
tundish at least for 70% to 100%, preferably for 70% to 
99%, in particular for 70% to 95%, of the period from 

15 the resumption of the supply of metal melt into the 
tundish until the point at which a quasi-steady 
operating bath level is reached in the tundish and/or 
from the point at which the quasi-steady casting level 
is reached. This control is based on measuring the 

20 current bath level or the current tundish weight. 

The quantity of metal melt supplied to the tundish and 
the quantity of metal melt discharged from the tundish, 
during casting of a steel strip with a cast thickness 
25 of 1.0 - 5.0 mm and a cast width of 1.0 m to 2.0 m is 
between 0.5 t/min and 4.0 t/min, preferably between 
0.8 t/min and 2.0 t/min. These details are based on the 
use of a two-roller casting machine with the desired 
cast product of corresponding design. 

30 

In exceptional circumstances, it may be necessary to 
top up covering agent in the tundish. It is preferable 
for the addition of the covering agent onto the bath 
surface of the metal melt in the tundish to take place 
35 in a surface region with a low surface flow velocity, 
waviness of the bath surface and turbulence intensity. 

If appropriate, a manual addition of the covering agent 
requires sufficient accessibility of the tundish for 
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the operating staff and additionally brings with it the 
drawback of addition inclusions of slag resulting from 
the sudden local addition of a greater quantity of the 
covering agent. Therefore, the covering agent is 
5 applied in fine-grain or powder form, preferably using 
a semi-automatic or fully automatic addition device. 

The interior of the tundish is shielded from the free 
atmosphere by a tundish lid, in which context it is 
10 expedient for the tundish to be inerted during or 
before the initial filling phase, in order to 
substantially reduce the reactive oxygen in the 
interior of the tundish. 

15 It is preferable for the setting and monitoring of the 
operating casting level to be effected by means of a 
tundish weight measurement by using an equivalent 
measurement method. The operating bath level can also 
be determined using other direct or indirect 

2 0 measurement methods, such as, for example using floats, 
optical observation of the bath level surface, 
ultrasound distance measurement, eddy current 
measurement and similar measurement methods. 

2 5 During sequence casting, the bath level in the tundish 

decreases continuously during the melt vessel 
changeover, but must not drop below a minimum bath 
level, which is dependent to a very significant extent 
on the shape of the tundish and therefore cannot be 
30 specified at a general level. An excessive drop in the 
bath level, in particular during the resumption phase 
of the melt supply, and especially at maximum filling 
rate, leads to increased introduction of foreign 
particles into the metal melt, and these particles 

3 5 spread out throughout the entire tundish. To eliminate 

or at least substantially attenuate this effect, it is 
expedient if at least during the period between the 
resumption of the supply of the metal melt into the 
tundish and the point at which the quasi-steady 
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operating bath level is reached, the metal melt 
contained in the tundish is divided by a divider plate 
into two partial quantities, metal melt from the melt 
vessel being fed to a first partial quantity and metal 
5 melt being discharged from a second partial quantity 
into the continuous-casting mold, and metal melt being 
transferred continuously from the first partial 
quantity to the second partial quantity, the inflow 
rate to the first partial quantity in the tundish being 
10 greater than the outflow rate from the second partial 
quantity, and the inflow rate to the first partial 
quantity being less than or equal to double the outflow 
rate from the second partial quantity for 70% to 100%, 
preferably for 70% to 99%, in particular for 70% to 
15 95%, of the period from the resumption of the supply of 
metal melt into the tundish until the point at which 
the quasi -steady operating bath level of the second 
partial quantity in the tundish is reached. The spatial 
division of the tundish accordingly creates two 
20 regions, namely a first region, in which from time to 
time, considerable turbulence may occur and also 
substantially decays there, and a second region, which 
remains substantially isolated from these phenomena. 

The positive effects of the spatial separation in the 
tundish are additionally boosted if the supply of metal 
melt within the last 5% to 30% of the period from the 
resumption of the supply of metal melt into the tundish 
until the point at which the quasi-steady operating 
bath level of the second partial quantity in the 
tundish is reached takes place at an inflow rate which 
is reduced compared to the inflow rate during the 
preceding period of time. 

35 In this case, the filling time required to reach the 
quasi-steady operating bath level can be shortened if 
the supply of metal melt takes place at a substantially 
maximum inflow rate immediately on resumption of the 
supply of melt into the tundish for 1% to 30%, 



25 



30 
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preferably for 3% to 15%, of the period until the point 
at which the quasi-steady operating bath level of the 
second partial quantity in the tundish is reached, and 
thereafter the supply of metal melt takes place at a 
5 filling rate which is reduced compared to this maximum 
inflow rate until the point at which the operating bath 
level of the second partial quantity in the tundish is 
reached . 

10 Metal melt from the first partial quantity to the 
second partial quantity, i.e. from one region of the 
tundish into the other part of the tundish, is 
transferred through one or more openings in the divider 
plate. Metal melt from the first partial quantity to 

15 the second partial quantity may preferably be 
transferred through a free space between the divider 
plate and the base of the tundish. In this case, the 
divider plate does not continue all the way to the base 
of the tundish. 

20 

However, it is also possible for the divider plate to 
be formed as a securely anchored component of the 
tundish and to provide at least one permanent flow 
passage in the vicinity of the base of the tundish, 
2 5 which during all operating phases is completely below 
the bath surface of the metal melt. 

The quasi-steady-state casting process begins at the 
point at which the quasi-steady operating bath level of 

30 the second partial quantity of the metal melt in the 
second region of the tundish is reached. When this 
quasi-steady operating bath level of the second partial 
quantity of the metal melt in the tundish is reached, 
the supply of metal melt into the tundish is controlled 

35 quantitatively as a function of the discharge of the 
metal melt from the tundish. This control is based on 
measuring the current bath level or the current tundish 
weight . 
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Further advantages and features of the present 
invention will emerge from the following description of 
non-restricting exemplary embodiments, in which 
reference is made to the accompanying figures, in 
5 which: 

Fig. 1 diagrammatical ly depicts a two-roller casting 

installation having a melt vessel and a tundish 
for carrying out the process according to the 
10 invention, 

Fig. 2 shows the profile of a run-up curve for the 

refilling of the tundish (filling rate) 
according to a first embodiment of the process 
15 according to the invention, 

Fig. 3 shows the profile of a run-up curve for the 

refilling of the tundish (filling rate) 
according to a second embodiment of the process 

2 0 according to the invention, 

Fig. 4 shows the time profile of the tundish weight 

during the refilling of the tundish, 

25 Fig. 5a shows the profile of relevant process 

characteristic variables during the change of a 
melt vessel according to a third embodiment of 
the invention, 

30 Fig. 5b shows the profile of relevant process 

characteristic variables during the change of a 
melt vessel according to a fourth embodiment of 
the invention, 

3 5 Fig. 6 shows a shroud which is shielded from contact 

with slag, 



Fig. 7a shows a tundish with a divider plate in a 

first, lifted-out operating position, 
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Fig. 7b shows a tundish with a divider plate in a 

second, moved-in operating position. 

5 Fig. 1 diagrammatical ly depicts a two-roller casting 
machine as one way of carrying out the process 
according to the invention, including the main 
structural components used to supply the metal melt 
into the continuous-casting mold 4, which is formed by 

10 two casting rollers 1, 2 rotating in opposite 
directions and sideplates 3 which can be pressed on to 
the end sides of the casting rollers. The metal melt is 
transferred from a melt vessel 5, which is generally 
formed by an exchangeable casting ladle supported on 

15 fork arms 6 of a ladle turning tower, through a shroud 
7 into a tundish 8. The shroud 7 is assigned a slide 
closure 9 as a member for controlling the quantitative 
flow or filling rate. The metal melt flows out of the 
tundish 8 through a submerged casting nozzle 10 into 

2 0 the mold cavity 11 of the continuous-casting mold 4 in 
a quantitatively controlled manner. The submerged 
casting nozzle 10 is likewise assigned a slide closure 
12 for controlling the quantity of melt which is to be 
supplied to the continuous-casting mold 4 . The closure 

25 members may also be formed by plugs which, projecting 
through the melt bath from above, controllably close 
off the outflow opening of the respective melt vessel. 

The quantity of metal melt which is temporarily held in 
30 the tundish 8 is kept as constant as possible during 
the continuous casting operation. This is achieved by 
setting a predetermined casting level h of the metal 
melt in the tundish and keeping this casting level as 
constant as possible by controlling the inflow 
35 quantity. A substantially uniform casting level ensures 
a uniform transfer of melt into the continuous-casting 
mold 4 . 

Strand shells (not shown) are formed in the melt pool 
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at the cooled cylinder lateral surfaces of the casting 
rollers 1, 2, and at the narrowest cross section 
between the casting rollers these strand shells are 
rolled to form a metal strand 13 of predetermined 
5 thickness and width. 

After the emptying of the melt vessel 5, in which 
context the slag covering the metal melt in the melt 
vessel as far as possible should not flow out, the 

10 empty melt vessel is removed from the casting 
installation and a prepared, filled melt vessel 
containing metal melt that has been prepared for 
casting is then moved into the casting position in the 
casting installation. During the time of about 2 min 

15 which this takes, the casting operation in the 
continuous-casting mold is continued using the quantity 
of residual melt present in the tundish, with the 
operating bath level dropping to a minimum bath level 
h P ooi,min/ at which, however , the shroud is still immersed 

2 0 in the melt bath. As a result, on resumption of the 

supply of melt into the tundish, the metal melt is 
prevented from directly striking the slag layer 
covering the metal bath, and therefore intensive mixing 
of the slag layer with the metal melt is avoided. 

25 

According to one possible variant embodiment, the 
tundish filling operation takes place in accordance 
with the filling curve profile illustrated in Fig. 2. 
In the tundish there is a residual quantity of steel 

3 0 which corresponds to a bath level h poo i,min- During a 

first filling phase (period t 0 - ti) , the metal melt is 
passed into the tundish with the slide closure opened 
to its maximum possible extent, i.e. the metal melt 
enters the tundish at the maximum filling rate m fi i lrlnax . 
3 5 Once a bath level h poo i has been reached at time ti, the 
filling rate is substantially continuously reduced 
until the quasi-steady operating bath level h po oi /0 p has 
been reached, in which context the inflow rate into the 
tundish is less than double the outflow rate out of the 
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tundish for 70% to 95% of the period from resumption of 
the supply of the metal melt into the tundish until the 
point at which the quasi-steady operating bath level 
h P ooi,op is reached. At time t 5 , the steady filling rate 
5 rh st which is characteristic of steady-state casting 
operation is reached. 

Fig. 3 shows another variant embodiment of a possible 
filling curve profile, in which in a first filling 

10 phase (period to - ti) the metal melt is introduced at 
the maximum filling rate m mi, max or approximately the 
maximum filling rate * (more than 80% of the maximum 
filling rate) , and once time ti has been reached the 
filling rate is reduced in a plurality of steps, the 

15 reduction of the filling rate taking place at the 
individual times ti to t 5 in such a way as to effect a 
degressive approach of the bath level h poo i to the 
operating bath level h poo i /0p . At time t 5 , the steady 
filling rate m st which is characteristic of the steady- 

20 state casting operation is reached again. 

Fig. 4 shows the increase in the tundish weight nv over 
the filling time, starting from a tundish weight mo, 
which corresponds to the empty weight of the tundish 
2 5 and the weight of the residual quantity of melt which 
remains in the tundish, until tundish weight m 5 , which 
is achieved at the point at which the quasi-steady 
operating bath level h poo i,op is reached. 

30 These filling curve profiles illustrated in Fig. 2 and 
3 promote decay of the powerful bath movement in the 
tundish as early as during the continuous filling 
operation, and in particular calm the metal bath 
surface . 

35 

This calming phase in the tundish can be additionally 
boosted by the supply of melt being briefly interrupted 
after the point at which the quasi-steady operating 
bath level is reached. During this interruption period 
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or at any subsequent desired time, if necessary 
additional covering agent can be added onto the metal 
bath surface using a semi-automatic or fully automatic 
addition device 15 (Fig. 1), the outlet opening of 
5 which opens out above the bath level into one or more 
regions of the tundish where surface turbulence is 
limited. The covering agent, which is in fine-grained 
to dust form, is applied to the metal melt in a 
continuous trickling operation and is intended to 
10 ensure complete coverage of the metal bath in the 
tundish. 

In addition, the tundish 8 is covered with a tundish 
lid 16, which shields the interior of the tundish from 
15 the atmosphere. This also provides the option of 
inerting the interior even before metal melt is 
supplied, in particular during initial filling of the 
tundish . 

2 0 When the quasi-steady operating bath level is reached, 
the continuous casting operation begins to be 
reintroduced. In this context, the quantity of the 
metal melt supplied to the tundish is set or controlled 
as a function of the quantity of melt introduced from 

2 5 the tundish into the continuous-casting mold. 

Deviations in the bath level from the desired quasi- 
steady operating bath level are recorded by means of a 
tundish weight measurement. As a result, a measurement 
variable which is characteristic of the bath level is 

3 0 determined continuously and used as setting or control 

variable in an inflow control circuit for controlling 
the quantity of metal melt which flows in. For this 
purpose, the tundish 8 is supported via measurement 
cells 17 on a carrying frame 18, for example a 
35 traveling tundish car (Fig. 1). 



Fig. 5a illustrates the sequence casting process 
according to the invention based on the example of a 
steel strip casting installation, the figure plotting 
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the profile of characteristic variables, such as the 
tundish weight w tund i Sh/ the filling rate in the tundish 
in ladle and the filling rate in the permanent mold m mo id 
against the time axis, including a preceding period of 
5 time, starting before the change of a melt vessel is 
carried out, and with a subsequent period of time, 
after resumption of the steady-state casting operation. 
Even before the vessel change begins, measures are 
initiated to facilitate spanning the changeover time of 

10 approximately 2 min, by increasing the quantity of melt 
available in the tundish. This is achieved by 
increasing the filling rate rhiadie by opening the side 
closure at the melt ladle further, with the result that 
more metal melt flows into the tundish than is 

15 simultaneously flowing out into the continuous-casting 
mold. As a result, the tundish weight rises to 
approximately 1.1 times the tundish weight during 
steady-state casting operation. During the ladle 
change, which takes place immediately afterwards, the 

20 filling rate in the tundish is: m i a die = 0. In parallel, 
the casting rate in the strip-casting machine is 
reduced and if appropriate, the casting level in the 
permanent mold is lowered, so that the casting 
operation in the continuous-casting mold is maintained 

25 with a reduced filling rate m mo id- As soon as the melt 
vessel changeover has ended, the quasi-steady operating 
state in the tundish is restored over a period of 
approximately 10 min by metal melt being introduced 
into the tundish at the maximum or approximately the 

30 maximum filling rate until a time ti and thereafter 
running up to the quasi-steady operating bath level 
based on a degressive curve profile. The casting level 
in the tundish, which is determined indirectly by a 
weight measurement follows the curve profile W tU ndish and 

3 5 prior to the vessel changeover shows the desired 
increase with a view to increasing the level in the 
tundish, and thereafter reveals the drop to a level of 
approximately 80% of the tundish weight or operating 
bath level by the time the ladle changeover has ended. 
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According to a further embodiment, which is illustrated 
in Fig. 5b, the resumption of the supply of melt into 
the tundish takes place at a significantly reduced 
5 filling rate ih i a <ue, start which corresponds to 0.8 to 1.2 
times the filling rate rhi a die,o P t during steady-state 
casting operation. This reduced filling rate may 
expediently be within a range from 0.5 to 2 times the 
filling rate mi ad ie,o P t. The filling rate is kept 

10 approximately constant over a wide range of the period 
until the tundish has been refilled. The fundamental 
advantage of this variant lies in the significantly 
lower rate at which the metal melt flows into the 
tundish, resulting in substantially reduced surface 

15 turbulence at the metal bath. The flow rate remains low 
enough to ensure a good rate of separation of the 
nonmetallic inclusions into the slag layer and to avoid 
the reintroduction of slag. However, on the other hand, 
the time needed to refill the tundish increases to up 

20 to 25 min, with a simultaneously reduced filling rate 
in the permanent mold. An expedient filling rate 
profile which lies between the embodiments illustrated 
in Fig. 5a and 5b can be selected according to the 
steel grade to be cast and product requirements. 

25 

Fig. 6 shows a way of substantially preventing the 
introduction of covering agent which has been applied 
to the melt bath into the interior of the melt bath 
along or near to the outer wall of the shroud. Metal 

3 0 melt flows continuously out of the melt vessel 5 to the 
metal melt which has already accumulated in the tundish 
8 through the shroud 7 which is vertically immersed in 
the melt. The metal melt flowing in generates a sucking 
action along the shroud and any slag/ covering agent 

3 5 which is collected in this region is drawn down into 
the metal melt. A cover 21 which is designed in the 
form of a pot, surrounds the shroud at a radial 
distance therefrom and projects into the metal melt 
from above, keeps the layer of slag 2 0 which has formed 
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away from the critical region in the vicinity of the 
shroud. The interior of this cover can, if required, be 
inerted via the shielding gas line 22 . It is expedient 
for this cover to extend sufficiently far into the melt 
5 bath for it to be ensured that the shroud is immersed 
even at the minimum bath level h m i n - To continuously 
maintain the function of the cover 21, it is essential 
for the bath level during the melt vessel changeover 
not to drop below the value h m i n , i.e. it is imperative 
10 that the lower edge of the cover 21 should always be 
immersed in the melt bath. 

As seen in the outflow direction of the metal melt, a 
flow-damping element 23 (Turbostop) is fixedly anchored 
15 in the tundish opposite the shroud 7, thereby greatly 
decelerating the jet of liquid metal flowing into the 
tundish . 

The sequence casting process described has been found 
20 to be particularly successful in conjunction with a 
tundish which has been described in WO 03/051560 and 
has a geometry that particularly promotes the 
separation of particles that are foreign to the melt. 

2 5 Fig. 7a and 7b illustrate a vertically movable divider 
plate 24 in two operating positions in conjunction with 
the tundish 8. This embodiment is intended to achieve a 
functional separation in the tundish. Fig. 7a shows the 
operating state in the tundish immediately before 

30 resuming casting of a new melt vessel. The metal melt 
which is still present in the tundish is covered with a 
covering agent and flows out at a rate corresponding to 
the reduced casting rate. The divider plate is still in 
a raised position and is lowered into the tundish in 

35 order to divide it into two regions, as illustrated in 
Fig. 7b. The moved- in divider plate prevents or at 
least greatly reduces disadvantageous effects on the 
entire quantity of melt in the tundish during the 
initial filling phase, which takes place at the maximum 
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or approximately the maximum filling rate. A first 
region 25 is assigned to the supply of melt, while a 
second region 2 6 is assigned to the discharge of the 
melt into the continuous casting mold. In the first 
5 region 25, the melt bath is significantly calmed and a 
large proportion of the particles foreign to the melt 
are separated out at the slag layer in the first 
region. In the second region 26, residual levels of 
foreign particles which are still present in the metal 
10 melt are separated out into the slag layer covering the 
metal bath. 



